a considerable density range is determined by the nuclea~ matter compressibility modulus. A family of equations of state is considered that fit all known bulk properties of nuclear matter, including the energy dependence of the optical potential.· The importante of. non-Yukawa type nuclear interactions is discussed. A large number of theoretical attempts have been made to calculate the equation of state at low and high densiti~s using two-body potentials adjusted to fit the experimental nucleon-nucleon scattering data. 4
These calculations are very dificult, involving a certain amount of uncertainty as to the type and origin of interaction to be used. For example, the importance of the three-body intefaction is receiving new attention. 5 These calculations make it difficult to see possible simple interrelations between physically interesting quantities. For example, one of the major results of the present work is the discovery that in self-consistent relativistic mean field models, the low density equation
• -3-of state is almost completely determined by the compressibility modulus K.
The aim of the present work is to explore these interconnections in a self-consistent relativistic field theory proposed by Boguta and Bodmer. 6 This theory allows for nuclear interactions that are not strictly two-body Yukawa type.
The nucleon w is assumed to interact with a scalar field cr and a vector field wJ.l = (w, iw 0 ) through the following Lagrangian·
where the potential functional U(cr) is taken to be quartic polynomial in the field cr. 6 The theory is perturbatively renormalizable. 
(3)
The energy density E, pressure P, and compressibility modulus K at zero absolute temperature are = l~9v)
•v dp; P.")
The energy of a particl~ moving through matter with momentum k is given where Ueff is the nuclear optical potential. At saturation density
From the field equation Eq. (4a) one sees that the density dependence of the equation of state will be determined not only by the Lorentz scalar source term Ps = ~~' which leads to a Yukawa type two-body interaction, but also by the non-linear terms ba 2 and ca 3 , which can be interpreted as many body interactions. 7
The necessity for these non-linear interactions is phenomenological. 3 The relativistic field theory of matter that contains only Yukawa type interactions predicts an incorrect energy dependence of the optical potential and a compressibility modulus that is much too large (~ = 550 MeV). 8
In the non-linear relativistic field theory discussed here, the properties of infinite nuclear matter will depend on two dimensionless • -7-nuclear optical potential. There is no reason to believe that the nonrelativistic variational calculations at high nuclear density should be reliable. In Fig. 3b we show the corresponding pressures as a function of density.
The above results demonstrate that even a precise determination of the nuclear equation of state at densities P < 1. One would have expected that a theory of nuclear matter that does not contain many well-accepted aspects of many body theory cannot be a reasonable starting point in the study of nuclear properties. By explicit calculation and comparison we showed that this expectation is indeed false. 3 In fact, the agreement between the non-linear relativistic mean field theory and many body calculations is easily understood. We have shown that once one has predicted, or fitted, a few known nuclear matter -8- properties, the equation of state at low densities as well as the energy dependence of the optital potential are determined. As far as the equation of state is concerned, its low density behavior is determined by the value of nuclear compressibility modulus at saturation and independent of the precise way nuclear saturation is achieved. This suggests that nucleon-nucleon interaction in matter cannot be uniquely extracted from the knowledge of the equation of state at low (p < 1.2 p 0 ) densities.
The converse is also true, because of the freedom to chaos~ the strength of the non-linearities. This, we believe, is a strong motivation for an experimental effort to study high density phenomena achievable in intermediate and high energy heavy ion collisions. In this way, much more will be known about the equation of state and this knowledge will shed light on the essential properties a many body theory must have. shows the density dependence of the pressure for the same models 
